Introduction
Since the late 1800s, antibiotics have been widely applied in the field of medical treatment [1] . After taking antibiotics, most of the antibiotics cannot be absorbed, and they will be discharged into the environment. Different kinds of antibiotics are widely detected in groundwater, surface water, drinking water and agricultural soil [2] . Antibiotics can inhibit or kill microorganisms in the environment, so that the original ecological balance is destroyed. Besides, antibiotics may also induce induced resistance genes to cause greater risks to the environment.
The removal of tetracycline and macrolide antibiotics in wastewater by activated sludge process is basically dependent on the adsorption of sludge and is rarely degraded by microorganisms, so surplus sludge produced by sewage treatment plants is an important repository of antibiotics [3, 4] . In this experiment, the sludge drying reed bed was used to stabilize antibiotics in surplus sludge. With roxithromycinz, azithromycin and oxytetracycline as targets, the high performance LC-MS/MS method was used as the detection method to investigate the antibiotic removal of the sludge drying reed bed during the natural stabilization period, so as to explore the efficiency of the removal of antibiotics in the sludge.
Materials and Methods
Experimental Device. The sludge drying reed bed is located at the Dalian Development Zone Wastewater Treatment Plant, China. And it divided into 3 beds. The bed 1 is a traditional sludge drying bed with vent line, and the bed 2 is a sludge drying reed bed with vent line and the bed 3 is a sludge drying reed bed without vent line. The specifications of each bed are 3.0m * 1m * 1.3m, and each bed operate independently. The packing layer laid at the bottom of the three beds is the same, which is filled from bottom to top, including slag 20cm, gravel 20cm, coarse sand 5cm, fine sand 20cm. The total height of the bed packing layer is 65cm, and extra high is designed to reserve storage space for sludge.
Operating Conditions. The experiment lasted for 4 years, the first three years were the feeding period, and the fourth year was the natural stabilization period. The first year began in mid-may and reeds were transplanted with roots. After nearly 30 days of plant adaptation, the beds were intermittently injected into surplus sludge and the feeding sludge cycle is 7 days. The sludge volume of each bed was 450L, and the time to inject into sludge was approximately 30 minutes. Three beds were put into the surplus sludge on one side and evenly distributed on the beds after feeding sludge. The reeds in the late autumn are dry and no longer go into sludge. In the first year, second year and third year, the experimental system run 18, 24 and 23 cycles, respectively. After three years of loading, the sludge storage thickness of three beds was 18.6 cm, 12.4 cm and 13.7 cm respectively.
Collection of Sludge Samples. According to the growth of reed, sludge was sampled in April, July, September and November. Sludge layer of each bed has different sampling points based on height. The surface layer is 3cm below the sludge air interface, and the bottom layer is 3cm above the sediment interface. The three beds were collected the sludge in five different parallel positions on the surface and the bottom to exclude the difference of the single sludge collection, and then mix the five sludge. The surface and bottom sludge samples of bed 1 were labeled 1S and 1B respectively. The surface and bottom sludge samples of bed 2 were labeled 2S and 2B respectively. The surface and bottom sludge samples of bed 3 were labeled 3S and 3B respectively. Samples were collected and transported back to the laboratory and stored at -20°C.
Determination of Antibiotic Concentration in Samples. The samples were vacuum freeze-dried and grinded and then screened through 100 mesh. The reference for the determination of roxithromycinz and azithromycin is GB/T20762-2006. The reference for the determination of oxytetracycline is GB/T 20762-2006. The residual concentration of antibiotics in samples was determined by LC-MS/MS.
Results and Discussion
Each sample was repeated for three times, and the average value was obtained. The average content of roxithromycinz, azithromycin and oxytetracycline in raw sludge is 95.6μg/kg (dry weight), 2570μg/kg (dry weight) and 4057μg/kg (dry weight) respectively. The concentration of roxithromycinz and azithromycin is similar to the existing test results [5] . After three years of loading and one year of stabilization period, the change of roxithromycinz, azithromycin and oxytetracycline concentration in three beds is shown in Table 1, table 2 and table 3 respectively. The surface and bottom layer not only reflect the thickness of the sludge, but also mean the time of sludge stabilization is different. From the surface to the bottom layer, sludge stabilization time is increasing.
From table 1, table 2 and table 3 , we can see that the concentration of target antibiotics shows obvious changes in space and time. With the prolongation of sludge stabilization time, the concentrations of antibiotics in different beds showed a significant downward trend. This shows that the increase of sludge stabilization time is of great significance for the removal of antibiotics in sludge drying reed beds. Comparing the concentration of target antibiotics in three beds of surface sludge, it is found that the concentration of bed 2 is the lowest, followed by bed 3, and the bed 1 is the highest. The vent line can exchange the sludge layer with the air effectively and create the local aerobic condition to make the aerobic microorganisms in the sludge layer propagate quickly, so that the antibiotics in the sludge can be effectively removed. In the period of stabilization period, sludge on the surface of sludge drying reed beds will form a drying layer. Generally, the surface cracks of the sludge layer caused by plant growth will reduce the number of large cracks in the sludge layer and increase the number of small and medium cracks. Oxygen enters the sludge layer from cracks, creating local aerobic conditions, increasing the oxygen content in the surface stabilized sludge, and thus promoting the growth of aerobic microorganisms in the stabilized sludge surface layer [6] . Comparing the three beds, we found that both ventilation tube and reed have positive effects on the removal of antibiotics, and the effect of reed is bigger.
It can be seen that the reed plays an important role in the removal of antibiotics in the stabilized sludge by comparing the residual concentration of the target antibiotics in the three beds. The reed has a huge leaf crown and root, and oxygen is transported to the bottom of the sludge by the transfer of reed stem and leaf. Aerobic microorganisms grow in a low-oxygen environment around the roots of reeds, promoting the biodegradation of sludge [7] . In addition to being an oxygen-transporting channel, reeds can also directly absorb root exudates to promote the removal of antibiotics from the surplus sludge [8] . Reeds can release carbon sources, thus improving the root zone environment of plants, and promoting the growth and reproduction of microorganisms. At the same time, plant roots can provide growth and reproduction interface for microorganism with antibiotic degradation ability, and indirectly promote the sludge dry reed bed to remove antibiotics.
Conclusions
Sludge stabilization time is an important factor influencing the removal efficiency of antibiotics in sludge drying reed beds. With the increase of stabilization time, the removal efficiency of roxithromycinz, azithromycin and oxytetracycline is improved to some extent. Vent line and reed have positive effects on the removal of roxithromycinz, azithromycin and oxytetracycline in sludge, so the sludge drying reed bed with ventilation structure has the best effect on the removal of antibiotics.
